KARAFIÁT, Z., VÍTĚZ, T., SOMERLÍKOVÁ, K., GADUŠ, J., HAITL, M., KOUTNÝ, T.: Employment of maize silage in non-liquid fermentation for biogas production. Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 6, pp. 153-160 This paper deals with the optimization of the anaerobic fermentation process of maize silage using the non-liquid technology. The aim of the paper is to increase the knowledge necessary for more effi cient running of biogas stations using batch technology of non-liquid fermentation. The preferable ratio of initial materials, fresh maize silage and maize silage a er partial fermentation, was verifi ed within this experiment. Dynamics of the process, especially the quantity and quality of produced biogas has been monitored during the experiment. All the experiments have been done in the batch-system fermentors of volume of 0.48 m 3 equipped with an independent and indirect circuit of water heating, the heat has been transferred to the material throught the steel wall of the fermentor. The material has been tested in the mesophilic conditions with the temperature of the 38 °C. The retention time of material in fermentors has been 27 days. The results of our experiments reveal the fact that the maize silage of lower mix ratio produced about 22.8 % more of biogas counted to one kilogram of dry matter than the maize silage of higher mix ratio.
Transformations of biogas off er a large scale of advantages in comparison with the other technologies using the renewable sources of energy. Biogas technologies were evaluated as the most power-effi cient and ecologically rewarding technologies of energy production coming from renewable sources (Fehrenbach, 2008) . One of the perspectives according to which technologies of biogas production can be distinguished is the content of dry matter (DM) in the processed material. Generally speaking, when the content of dry matter is up to 15 % we talk about technology of liquid fermentation otherwise when the content of dry matter is higher we talk about non-liquid fermentation.
Due to the absence of complete information about the process of fermentation of non-liquid substrates, laboratories for research of non-liquid fermentation have been put into operation.
This project was implemented by FORTEX AGS Ltd. in cooperation with Mendel University in Brno. This paper deals with the use of maize silage in non-liquid fermentation technology. It is usually the discontinual technology with percolate spraying, without mechanical mixing of fermented material, which is used for fermentation of energy crops (Weiland, 2010) . Silage making process of maize plants is a convenient method for maintaining energetic profi t of cultivated plants (Vervaeren, 2010) . At the present, maize silage is the most important material for biogas production, as individual substrate and also in combination with other plants or livestock manures. Compared with the use of particular materials in biogas stations in Germany we can simply fi nd that the maize silage is used in 90 % of cases, so it is the most common used material (Weiland, 2003) . The aim of our research was to determine the best initial mix ratio of maize silage entering the biogas station. Literary sources say that the best initial mix ratio is in proportion of 70 % of maize silage partly anaerobically processed, plus 30 % of fresh material (Kusch, 2005) . The infl uence of these two main proportions as well as the eff ect on the biogas production has been verifi ed in this paper.
MATERIAL AND METHODS
Maize silage prepared from the plants including the ears, has been used for this experiment. A fresh amount of maize silage has been used for every single experiment. The diff erence of mix ratio of fresh material and material a er fermentation and their infl uence on the process of the fermentation has been determined within the experiment. Ten laboratory experiments with diff erent initial amount of fresh maize silage have been done. The time period for which the material has been le in the fermentor was set to 27 days. The fi ve diff erent tests within the fi rst experiment, concerning lower mix-ratio, have been done. Maximum of 33 % of fresh maize silage has been added to the already fermented material. From the total weight of input material, which ranged between 153-167 kg, the addition of fresh maize silage has been 51-55 kg. In the second experiment the fi ve diff erent tests, concerning higher mix ratio, have been done. Between 44-57 % of fresh maize silage has been added to the material a er fermentation. The total weight of input material ranged between 137-166 kg and the addition of fresh maize silage has been 63-95 kg.
All the experiments have been run in six steel laboratory batch fermentors of the volume of 0.48 m 3 , equipped by hot water circuit (Fig. 1) . Heating of the material in the fermentors has been done through the wall between the fermented material and hot water circuit. Anaerobic decomposition has been run in the mesophilic conditions. The temperature in the fermentors has been 38 °C ± 2 °C, during the fermentation the material has been sprayed by processing liquid -percolate. The percolate serves as a source of methanogenic microorganisms. The developed biogas has been collected into gas sacs, for later analysis. The process has been discontinual, so a er 27 days a part of the original material has been replaced by a new amout of the material in choosed mix ratio. The initial material dry matter content ranged from 23 % to 30 %. Collections of data were obtained during the daily measuring showing, where the temperature of the material, pH of percolate, the temperature of percolate, the pressure in the fermentor, quantity of the developed biogas and its quality (CH 4 , CO 2 , H 2 S, O 2 ) have been measured. Furthemore, the dry matter content (60 °C and 105 °C), loss on ignition (595 °C), the content of fatty acids (acetic acid, butyric acid, lactic acid etc.), ammonia content, suspended solids, have been measured as well. Mobile gas analyser Biogas (Geotech, United Kingdom) has been used for the biogas analysis. The quantity of developed biogas has been measured by gas fl ow meter Premagas BK G4 (Premagas, Czech Republic).
Biogass production has been related to one kilogram of organic dry matter of tested samples and subsequently calculated by Equation of state (1) regarding standard conditions (pressure 101.325 kPa, temperature 273.15 K).
The results of all given measurements have been statistically evaluated by Statistica programme. Homogenity in diff erences of values has been tested by F-test and further testing using bivalent t-tests has been based on this results. The data has been tested on distantness by Grubbs's test.
RESULTS AND DISCUSSION
There have been found the lower biogas and methan production for maize silage with higher mix ratio. The average biogas production for maize silage with higher mix ratio has been about 122.6·10 −3 m 3 related to the one kilogram of organic dry matter. Maize silage with lower mix ratio has produced 158.8·10 −3 m 3 of biogas related to the one kilogram of organic dry matter (Tab. I). Other authors presents their results of biogas production from maize silage in non-liquid fermentation in the range of 455·10 −3 m 3 -603·10 −3 m 3 related to the one kilogram of organic dry matter (Schittenhelm, 2008) . The production of the methane from maize silage with lower mix ratio has been about 74.9·10 −3 m 3 related to the one kilogram of organic dry matter and the production of methane from maize silage with higher mix ratio has been about 60.6·10 −3 m 3 related to the one kilogram of organic dry matter. The other authors present their results of methane production from the liquid fermentation in the range of 398·10 −3 m 3 of methane related to the one kilogram of organic dry matter (Amon, 2007) , 370·10 −3 m 3 -400·10 −3 m 3 of methane related to the one kilogram of organic dry matter (Straka, 2007) and 282·10 −3 m 3 -419·10 −3 m 3 of methane related to the one kilogram of organic dry matter (Schittenhelm, 2008) .
1: Laboratory fermentors (Karafiát)

Biogas production
A er the initiation of the anaerobic fermentation process, maize silage with lower mix ratio has had more intensive production of biogas. The highest production of biogas has been reached the second day of the process and it has been about 10.1·10 −3 m 3 . Subsequently, the production of biogas has been slowly decreasing until the thirteenth day of our experiment the production of biogas has ranged between 4·10 −3 m 3 -5·10 −3 m 3 . The results of fermentation of the maize silage with higher mix ratio were oscilated between 3.9·10 −3 m 3 -5.8·10 −3 m 3 and have been uniform during the whole period of our experiment. The highest production of biogas has ben reached the third and the fi h day of our experiment ( Fig. 2) . The results of bivalent t-test reveal statistically important diff erence between the daily production of biogas from maize silage with lower and higher mix ratio (Tab. II).
Cumulative production of biogas
More intensive biogas production from the material with lower mix ratio has been achieved especially at the beginning of the experiment. Production of the biogas at the end of the experiment has been 158.8·10 −3 m 3 . The experiment with the material with higher mix ratio shows that Level of leeway = 26.0000 Bilateral probability = 0.0000 the production of biogas has been lower but stable during the whole experiment and it has been 122.6·10 −3 m 3 of biogas at the end of the experiment (Fig. 3) .
I: Comparision of biogas and methane production related to the one kilogram of organic dry matter, for maize silage with lower and higher mix ratio
Biogas production
The result of bivalent t-test shows statistically highly important diff erence of cumulative biogas production from maize silage with lower and higher mix ratio (Tab. III).
Content of methane
The content of methane has been uniform until the thirteenth day of the experiment. The highest content of the methan in biogas has been achieved the twel h day of the experiment and it has been 51.4 % for the maize silage with lower mix ratio. A erwards, the content of methane has been gradually decreasing. The average content of t-statistics = 15.8374 Level of leeway = 26.0000 Bilateral probability = 0.0000
The methane content in the biogas generated from maize silage with lower and higher mix ratio. t-statistics = −8.6311 Level of leeway = 26.0000 Bilateral probability = 0.0000 the methane in biogas has been about 50.1 % from the seventh day of the experiment and the average content of the methane in biogas from maize silage with higher mix ratio has been 52 % from the seventh day of the experiment (Fig. 4) . The highest value of the methane content in generated biogas from maize silage with higher mix ratio (53.6 %) have been measured the nineteenth day of the experiment. Liebneiner (2010), presents the methane content of 53.4 % in biogas during processing of maize silage due to non-liquid fermentation. Oslaj (2010) , on the other hand, presents the methane content in the range of 55.1-58.2 % in biogas during processing of maize silage due to liquid fermentation. The result of bivalent t-test shows statistically highly important diff erence in the content of biogas generated from maize silage with lower and higher mix ratio (Tab. IV). The amount of generated methane
IV: Bivalent t-test of methane content from maize silage with lower and higher mix ratio
5: Production of methane related to the one kilogram of dry matter made from maize silage with lower and higher mix ratio
V: Bivalent t-test of production of methane from maize silage with lower and higher mix ratio
Val
The highest production of methane within the experiment 1 was reached from day two to day seven with a maximum value of 3.9·10 −3 m 3 of methane, from seventh day the amount of generated methan has been gradually decreasing and it has been stabilized on the fi nal value 2.3·10 −3 m 3 of methane production. The overall production of methane has been 74.9·10 −3 m 3 during the experiment. The average daily production of the methane has been 2.2·10 −3 m 3 , with the maximum of 2.7·10 −3 m 3 during the experiment 2 and the maximum value of generated methane has been reached the fi h day of the experiment. The overall production of methane of the whole experiment has been 60.0·10 −3 m 3 (Fig. 5) .
The result of bivalent t-test shows statistically highly important diff erence in the production of biogas from maize silage with lower and higher mix ratio (Tab. V).
pH values
The decrease of pH to 7 is apparently considered at the beginning of the both experiments. A erwards it has been observed that pH values were slowly increasing up to pH 8 (Fig. 6) .
6: Development of pH values for maize silage with lower and higher mix ratio
The result of bivalent t-test shows that there has been determined a statistically signifi cant diff erence in pH values for maize silage with lower and higher mix ratio (Tab. VI).
SUMMARY
This paper deals with evaluation of experiments with fermentation of maize silage with diff erent mix ratio of fresh material. All the experiments have been run in the laboratory batch fermentors designed for fermentation of non-liquid substrates. All data determined during the experiments have been used as basis for further use and material production for biogas station. The experiments proved higher production of biogas when the content of fresh material is lower. Higher mix ratio infl uenced the content of methane in biogas only insignifi cantly. The results confi rmed the importance of keeping the right proportion of fresh material and already fermented material. The most essential thing for the best biogas production is a proper mixing of fresh material with already fermented material. We have got valuable and unique information due to our laboratory experiments. These informations can be used by operators of biogas stations for optimization and economial eff ectiveness of running biogas stations and processing of non-liquid substrates.
